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(11:11  tll(! (1:11;1 I) P(’S(,  I1((!(I ill [II(,  ((){) 1)}111(,1S  of l“i~urt’  7  iuigh[ CVC1)  Sllg}:PSl  Illilt tll(,

(J(X; Urr(IIl(;(I  of }1 sll])s  Io~lll  (J X[)illl  SIV(l  })l);\s(J.  I S  i\ SS()(:i:)t(l(l  WI{!)  Syll)lll(!~ri(;  rlllg (;lll”r(!l)t

gIOWtl)  iis  (lt{:~l~t  lfl(~(l  I)y [)s( (or  SYh4-1 I  i[) (Ilis  ~i)s~),  Wl]il(! i[ ])]ily  ~)(1  cl:iimv(l  tl]ilt t})(~

l’ilt~  of ~row[l] (If (11(,. rin~ (:{lrr(. ]){ s(~(,ll)s  to (I(wr(,;  lsu in ilSS()(:iilti(l  Il will]  1)1(’  (’x]) ;lllsiv(,

1)1121s[’  (I]ls(I[  con)] );lrr(] 10 ])rior to II)(* ol)s(~l, th is  ;lrg,  umcIl[  f:lils  for (11(’  followi])~ rc:lson,

A  li~r~(,. sul)s(orm  (~xl)nnsiv[:  l)l)}is(  OIIS(I  usu:Illy  il)volv(,s  t})( ~row,[lt  of t))( w(I(IK(:  fi[l(l-

i~li~[)(:(l curroi}t  i}l~(l  ;I (l(,~r(~i]s(}  in (:rosst:lil  [’LIrr(,  III ])(~:]r (1)(, 14; ;lrt l), AI 1(, iIs[ i]) (11(~  firs{

h o u r  or Iwo }ll’t(>r olls[,  t, i)olll  1])(,s(  (,xl):ljlsiv(,  ])});ISCJ [)f((~cts wolll(l  I)( (,xl)((,t((l  [()

I)ro(llic(>  ])t)siliv(, J I-ro]l)J)OIIC,l)l”  (li S(llrl):ll)((,S  Wlii(’li  w i l l  ii ffc(’( SYh4-1 I ((1 t II(, (Jxt(l]l[ of

~iving  it ii ])ositivc  in(:r(,:ls(:, ‘1’1)(! v(’ry f;l(’t  (Il;lt SYI14-I 1 (l(>(;  ~(lilS(l(l  fur(l](!r  ill t 11(’  lIOUI”

fi) t(’r 111(’  (,xl):lnsiv(:  i)llil  S(’ ( 1 1 1  S(’[  il)(ll(’ilt(!S  tllill [1)(! ring (!\lrl’(\l)[  gr(’w sigllifl(:al)lly

ill)lll~(llill(>ly  i) fl(!r  011  S(!1,  J); l~[  o f  11)(!  It):lgn(!(i(;  cf~i~(;t  l)(~illg C:l  IIC(!ll(~(l  I)y Il)(!  W(’(lx(!  illl(l

cross t;]il  curr(,  nl n); igI)(!li(,  fIcl(l  (.l I; II) K(,  s,

WC w o u l d  :IIS(I like (() ]I);lk(! sOII)C:  (x]]ls[ru(:tiv(,  cOIIII)I(J)[S r(g:lr(lit)l: III(, ;ill;llysis

(If 1}1(,  (1:]1;1 or) wl)i(:l) 011(: [ri(,  s tt) [)as(! coll(’lusions”  (I(,; ilitlg wltl]  sIOI’1ll- SLI1)SIOIII)”

r(’li]tionshi])s.  ‘1’11( Illil  ill  I)oint t o  slr(ss i s  ttl; lt wr(, w(Iu I(I I]rol);il)ly  ilow  ul)(l(’rst;lf)(l

slor]ll-s(ll)sloro)  r(,l;i[ i(]]lsl)il)s if OJlly  l]l(!r(~ W(,y(l  ~l(l(,(lllil[(!  [1+11~1  :lV:lilitl)l(!  [(), wit])

n]il)ilnum  ;In]l)igui(y,  ~lol)illly  (Icscrll)(! (> X1)illl SiV(l  ]lllil  S(~ ;I(:(ivity  illl(l  its ])r(’(:urs[)rs. l])

tll)y  [’V(’llt,  r(!S(’;lr(;  lloI”S  1 ) 1 1 1 S [  I)ring 11) l)(!ill’ ;1S [1)11  (;1)  Y(’l(>Vfl  Il( (Iilltl  :IS 111(1 Y [Yin)  musler  o r

~UII (1)[! r i s k  ()[ r(~il(:l)il)g  i]):i]]l)rol)riilt(  (mn(:lusiot)s I)ils((l 011  :1 Iiulit(,(l :IIIIOLII)I  (I I’

in form;  l[i(jn.

‘1’1)(’  l)robl(:ms tlI:It  (;: III :Iris(, ill workil)~  w i t } )  ;I Ii[t)itcd [I;it:] s(t iil(, (~x(~In])lif}(~(l ill

(1)(: lr(t:l(m(,nt  of t t](~ [\v(~IIl 01” S(]) I(,IIII)(:I 22, J !)87 SII(IWII in 1~’i~ur(! ~1 of I 1{ r(~l)rodu(’(1(1

h(, r(! :1s our l(’igur(,  2, ‘1’lI(Iy  ]) 1(, sL, I) I IIIIS (JV(!II1  ill sul Il)(Ir[  o f  t])(~  (Old  o f  lluss(Ill  (,1,

ill, [ 1 !)74] [11:1[ J)st r(l:lt(’s  mor(  (:10s( ly [() [t)(~ soutl]w;  lrd IMI+’ tlI;III it (i(J(Is  to sul)storm

aclivi  (y, ‘1’l)(:y  [IS(:  tl)(:ir A,SY  in(l(!x  :IS ill)  il](li(:;  lt(]r of sul)s[orm  (,x[):l[)siv(, l)l):Is(~ :((:tivity,

rcla(in~ little o r  no ct):ir)g(!  ill A,$Y to ;in ;II)s(!I1(:(:  of(~xl);il)siv(~  I) II; Is(! ;t(; (ivily,  ‘I’II us,  tl)(

;Iut])ors USII t I](’ lii(; k of r[:sj)ol)s(~ OI’A, S% dLIri  I)g III(, in[(!rv;  l] lG-I 7 lJ’I’ (III ,S[,l II(III)l)(:r 22

I(I ilr~u(’  []1:1[ SYM-11 (1,(’. ])sI)  i]](r(~iis(:s  wl)ile I)() sul)slorin (,xl);lnsiv(~  I)l)i]s(,  il(:tivi[y  i s

i]! l)rogress. J Iowcv(:r, tl)c  IImi[(,(l  numl)(:r o f  statiol)s USP(I  (o (:( JHII)UI(I  ASY n)ak[’s i[

(]l]il(l j)ossil)lc tll:lt (~ Xj)illl  SiV(~  1)1)  ;1S(!  :Iclivily  \\Jil  S ill l)ro~r(~ss IIU1 sII)I[)ly  (Ii(l II()(  I)ro(lu((”

lilrg(!  ])(jrlllrl):ltiol)s  :It (11(!  ;lVililill)l(!  slalions  lIS(,(I 1 0  (X)lll])ll[r  11)(1 in(l(!x,  l~or (, X:llll\)l(},  ill

111[!  very same (lia~ram, si:l)ifl(:iitl[  (!~l)ill)siv(:  l)lI:Is(:  :1(,  {ivi[y  III US(. I);iv(:  11(1.(,.1)  (i~kill~

])1;1(!()  ill tl)(! il)t(,rvill  (M-of) L1’1’  011  S(~l)((lll]l)(\r  22 (;ls (~vi(lcnc(,  (l I’roll]  tll[:  sll(l{l(’1)  liil+~(!



‘1

incrrasr  in Al, in (1);1[  l]ot]rly i]][(, rv;ll) :111(1 y(, t A,YY so(lms  to sI)OW :1 r(!sl)ons(~ t)() l:irgor

111;1])  (lurin~ (1)(1 1111( ’rVill  1(;-  17 LI’1’ (\vll(, rl il W;IS (:lilill)(’(1 LI):ll 1)()  cxl):lllsiv(’  [)11:1  S(l

;l(’livily ()(:(, tlrr(, (l), ‘1’llis l)olll[s 0111 [1)(, (l;lll~(,r  o f ”  usi])g in(lic(~s [41 (} Vtlllli  Il(’ In(lividu:il

(> V(l  I) IS. WI)]](I II)[IIC(’S  s(I(:I) i]s A S Y  (;ill)  1)( I US(II’UI  II) s[:(tis(ical  s(udics  ()[’  g(x)lu:l~ll(,ti(,,

;Icllvity.  111(~ rol; l[iv(,  ]y SIIlilll  1)1111  )1)(1I’  (If’ s[:ll ions Wllos(” (I[ltti ilr(’. Us(; (l t o  (’OI1)])U 1(: {1)(’

in(l(, x m;lk(,s 1( all {()() I)ossil)l(:  for solnc (,.v(~]]{s (() bc ovt:rlook~:(l  b(~(:;ius(:  tll(:ir m:lxin)un],

]) L! J’[llr[):l[loll  S (1(:(’lIr  WF]I(>Y()  II( )  St:itioll  is ilVilllill)!(?  to llloIllh)r  [}1(!1)1.

A  furtl)cr ])oint  w(, not(~ WI III (Ilis  (,v(!II(  is  (1111(  ~llii]l~(,s  in SYM-I  I ~il]]illso 1)(: j)ro(lu(:(~d

I)y (:h:lll~(’s  in Solilr wil](] I)r(:ssur(. 1  It (:1)os(! 1101  10 cx])lor(,  (1)(, sol:lr wi]l(l v(:loci(y  :111(1

numl)(lr (l(>nst(y (luril)~ th(, i]lt(, rv; ll (1 (~-17 L1’j’j (1(’(;idillg ins[c;l(l L(I sIIOW OI)ly  lMIJ  (I;iti(

$YM-11 from 1(; lJ’I’ only (() tl)cI Al; , ASY UI)(I lh~l~:11)(1 r(:l; l(ll)~ II)(’  I)(!~illl  V(l In(:rtl;i.s(l ill ,

v;iri; il ions,  I 11 r(~;lllly, (ll(~r(, w,; ls ;i si~llifl(;;ll)(  incr(:as(,  in sol; ir will(l  l)rcssur(,  s(;lrlill~ -

1 fi:lo  11’1’ s!(!mming ])ri]]]i]rily  frol]) ;II) in(:rp;lsc~ ill sol:lr win(]  numl)(,r d(:nsi(y hy ii f’il~tor

o f  - II, I]{ ]nc;isur(’s 1])(I Il(~gil(i  V(b  s]]i~( of SYM-I  1 f r o m  a b : i s c ’ . l i n c  tak(’1~ ;\fl(\r  t])(~

I)r(’ssurc in(:r(:ls(, I“rom - 1(;40 - 171F) lJ’lT tl](> solar wind ])rcssur(? dvclinos  s i g n i f i c a n t l y

(:IS mc>asur(’(1 by IMI) 8-.’.1(1 1{(: in front of tl]c c;lrll)) so a ~()()(1  j)orlioll ( - 4 ( 1  n’]’) of (Ilc

ncg:t(iv(,  slli~[  of .SYM-1  1 is du(, 10 ;1 l)ri(~f  r(, iurIl of [1)(: lli:igi)(!li)sl)tl(jt’(~  to  i(s  I ) r ( ’ - ( ’ v o n t

coll~lguration”  (  ‘1’l)is  (!slimiil(>  st(~rtls  frolll  US(,  (If (11(:  s[)l;ir  Wlrl(]  corr(~(:[ioll”  ill~(l~l(llIl)

foUI)(l  i]) (; O117.ill(>Z (11 ill,l lt)8!)]  wl]i(l] folloWS”  [11(>  form: ]lism  of Ilurton  (,1 :11, [ I !)7F)I.)  ‘1’11(

OIIS[!i of III(: sul)stor])l  (~x])i]l)siv(~  1)1  I;Is[I  - 172F) lJ’I’  o c c u r s  ;IIIIIOS( ill [I)(I SiIIII(!  ~iln(} :IS tl)(~

S()]ilr  WI I1(]  l)r(, ssllr(! iIl(:r(,  ils(,  S :Ig;lll)  (Iu(I (() il II UIllb(>r  (1(>11  Sl[y  (! Il])il  I)(I(!Ill[l  I)(, ‘1’]1(’  l’il(~(

t}); It SYM-I  I (lo(~s ])()( rc,sl)()]~(l ;It sul)storm (]])s(, ( sugg(,  sts [l)~it [1)(: ])ositiv(l  iI)(:r(!ils(!

(!xj)(~~t~(l  in LSYM-J  I  (lu(~ to II)(I solilr wit)(] ])rcssurc (’~~l):irlc(,l~]()])t is 1):11  ;11)(’(:(1 I)y :1

n(:gtl(ivo  incr(’as(l (lu(: [() incr(,;  ls(, (l ring curr(!llt, ~Also, ;lsso(:i:~tc(l  v;ith it sul)s(oriu

(Jxl)a]]sivc  ])l)il S(!, (Jll(~ woul(l  ctx])(~c( a  (1(, (;r(!:isc  in cross(:lil currcl)t (:losv to (1)(1 (’;lrtll

which wOUld ills(~ (IJII(I [(~ ])]i]k(~ SYM-I  1 iI]~~(’i\st’  I)osi(ivt\ly  (lcm;~n(ling  il~l i])cr~~as(~(l

ril]g currc~nt  (0 c;]nc(,l  tl]:l[  (!f(iw[.] ‘1’1)(~ ])ur])osc o f  this (l(:t:lil(~(l ( D i s c u s s i o n  i s  [()

(’lu~)llasiy,(j [\giIil) II(IW il]}])orli~l)t  ii i s  10 UN, illl :Ivail;lblc  (I;ll:l ill al)l)roii(:l)i[)g  11)(1

(Iu(’slio]l  of l)OW subslorms ;11)(1 11](’  stol’1]) t imc ri]lg current ill’(!  r(!lilt(’(1  10  01)[! illlotll(’r.

1 n sulnmary  111(,  coll(:lusiol)s  of Jyc]t)ori  [II)(I 1/:10 [191)6]  Ll];lt ring curr(?nt grow (l] is

unrc)l;tt(~(l 10 sul)storm :I(:tivity  ;Ir(, 110(  sul)l)or[(!(] l)y (1)(! {1:1(:1  t}l(~y ]]r(Js(lnL  ‘1’ll(!y  n i l  V(!,

o f  (X)lll’sc,  ;I(l(lr(’ss(’(1 :1 v(!ry illl])orli]l)[  (Iucst i o n s  wlli(:l]  1);1s ()(:cul)ic, (l (1)(, :t~ l(>tl(ioll o f

IIl:llly  I’(!S(!:II’CII  (II’S  ((:1’,  (lol)’/,ill(l’X  (![ :11,, 1!)!)4) :111(  I whicl) Wil S :1 m:lj(lr  toj)ic  of (Iiscussiol)

iit [II(:  r(~(:(!n(  (:II;II)N):IJ} (k)llf(r(:n(x)  01) M;l}:l](~iic S(orms h(~l(l in I’(,l)ru; lry I{)!)G ii)
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t]){’  ri]lg curr(!nl  i n 1.11(1 I’; :]rlh’.s  II I; IKII(II  IIs[)l  I(:r(!, i  n 1011  AccdeJa  fjoll jl~ t]]  1?

AI:/g/)efos/)/l(  11(1 ;i])(l loImsplN)T, (:(1, I)y ’ 1 ’ ,  (:l):IIIg, A(;  U MOMKr:I])h  :]8, ]), 351,

Ainori(:;ln  (i(v)  ])lIysI(o;Il  lJIIIOI),  W;lsl)il)gion,  1)(: 1 !)8(1,

1 l) P])artmc IIt of” I’l]ysics, Uniwrsi(y  of All)(lr[a,  l’j(lmoIIIo J), AllN~rta, C:inad:i

2 h4ilx-l  'li]i)ck-l l)s~i(~i~-  fl(r-l:xtr:]t(:rltls(  riscl)(~-l'l)ysik, (lilr~l)il)~, (;~:rm;iny

;1 lnsliluto  (It l’(,s(]uis;is  l’~sj);lci;l]s, , ,(S  J  (1(1S  (;illl)J)OS, S:1(1  I’illllo, l;r:lxil

4 Soli]r-’I’(lr  r(,s(ri(il l~:nvirol]mt~n(  l,ill)or; i(ory, ” N:iK(Iy:I [Jniv(~rsi(y,

Toyokaw;l,  ” ,I;]])an

~) II) SIit UtC ()[’ (~(wl)l]ysics  i\l](i l)liil)(~ti)ry  l)hysi(.  s, LJrlivorsi[y  (II’ (:;lli~orI)iti,

1,OS  AI) K(~l(IS,  1,OS AI]g(Ll(:s,  (:iilifi)r]]  i:], lI,S.A,

(~ cJL’1 1’1’01)111s10]1”  l,[ll)(l~il[(lry, (:;llifor])i:l lnsLilu14J (Ifrl’(!(:ll  llology,”  l’tlSil(l(’11:1,

(~i~liforl~iil,  LJ.S.A.
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